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Description 

The present invention relates to a water absoibing agent exceDent in absoibency and absorption speed, which is 
produced by compression nwlding fine particles of a water al^sorbent resin under specific conditions, and to a method 
5 of producing the same. 

In the manufacturing process for a water at>sorbent resin, screening by a sieve is usually used for adjusting the par- 
ticle size in order to obtain water absorbent resin particles having a particle size in an appropriate range. Particularly In 
recent years, for the purposes of preventing the flying of fine particles in handling a powdery wat^ absorbent resin and 
providing a safer environment tor an operator by reducing the chance of inhaling fine particles, there has been a strong 

10 need to reduce the amount of fine particles contained in a water absorbent resin as much as possible. In order to satisfy 
such needs, fine particles usually have been removed by screening. However, such fine particles removed are usually 
disposed of because they have a low value for reuse. Therefore, the yield Is decreased, and also a cost for discarding 
the fine particles is required, resulting In an increase of manufacturing cost. Because of this background, the impor- 
tance of how to effectively utilize fine particles removed by screening has been inaeased. 

IS In order to utilize fine particles effectively, for example, (1) a method of reusing fine particles by adding them for 
recycling (in a polymerization solution or in a hydrogel polymer) in a process of manufacturing a water absorbent resin 
(e.g. JP-A-4-41532. JP-A-4-227705. JP-A-4-348103), and (2) a method of binding fine particles or fine particles-con- 
taining powder with a binder to produce a large particle aggregate (e.g. JP-A-62-132936, JP-A- 2-284927, JP-A-2- 
227435, JP-A-3-137129. JP-A-4-214736). have been proposed. 

20 However, because such fine particles added tor recycling are reprocessed again by drying and pulverizing in the 
method (1). the resultant water absorbent resin exhibits a reduced absorbency as the amount of the fine partldes added 
for recycling Is Increased. Furthermore, in the method (2). because the mechanical strength of the resultant particle 
aggregate is not sufficient, the particle aggregate is broken and fine particles are reproduced when an external force 
such as mechanical shock, frlctional force, vibration during transportation or the like is applied thereon. The amount of 

25 the binder added may be increased, or a crosslinking agent may be used with a binder, for enhancing the binding force 
so as to reduce such problems. However such methods may result in a reduction in the absorption speed of the result- 
ant water absorbent resin. 

An object of the present invention is to provide a water absorbing agent, v^^ich is produced from a powder contain- 
ing fine particles of a water absorbent resin, having excellent absorbency, and from which few fine particles are repro- 

30 duced on exertion of an external force such as mechanical shocK frictional force, vibration during transportation or the 
like, and a method of producing the same. 

This object has been achieved by a water ab$ort>lng agent having an average particle diameter of 200 fo 1 000 pm, 
which Is produced by compression nx>ldlng a powdery water absorbent resin (A), w^ich conprises not less than 30 % 
by mass of fine particles having a diameter of 150 ^m or less, under a face pressure of not less than 50 kg/cm^ or a 

35 linear pressure of not less than 25 kg/cm in the presence of water, and drying and/or pulverizing as needed; and to a 
method of producing the same agent by mixing water with the powdery water absort>ent resin (A} comprising not less 
than 30 % by mass of fine particles having a diameter of 150 |im or less, and compression molding the mixture under 
a face pressure of not less than 50 kg^cm^ or a Hnear pressure of not less than 25 kg^cm, and drying and/or pulverizing 
as needed. 

40 In the present invention, examples of the water absorbent resin (A) include powdery or granular wrater absorbent 
resins such as crossiinked copolymers of starch-aaylic acid salt, crosslinked polyacryiic add salt, seK-crosslinked poly- 
acrylic acid salt saponified crosslinked copolymers of acrylateAnnyl acetate, crosslinked copolymers of isobuty- 
lene/maleic anhydride, crossEnked polysuifonic acid salt, crosslinked copolymers of acrylic add salt/suifortic add salt, 
crosslinked copolymers of acrylic acid salt^acrylamfoe, modified cellulose derivatives or the like. The water absoibent 

45 resin can be swelled with water, but is essentially water insoluble, arxJ therefore it Is different from a water soluble resin. 
The method of produdng the water absorbent resin (A) is not particularly limited, and It can be produced by any 
methods including polymerizing an aqueous solution in the presence of a crosslinking agent reversed phase suspen- 
sion polymerization in the presence or absence of a crosslinking agent, irradiation polymerization, or post-crosslinking 
of a water soluble resla 

60 The water absorbent resin (A) is preferably an anionic water absorbent redn, comprising an acrylic acid and an 
acrylic add salt as main components of a monomer unit and capable of absorbing and retaining a large amount of liq- 
ukl by ionte osnx>sis pressure, but releasing little water on exertion of a load or an external force, and specifically an 
anionic water absorbent resin which is produced by polymerizing in an aqueous solution, particularly In the presence of 
a crosslinking agent is preferable. 

55 An acrylic acid and an acrylic acid salt are usuaDy used at a rate of (20 to 50) : (80 to 50) by mole %, preferably (20 
to 40) : (80 to 60) by mole %. When the ratio of the acrylic ackJ is within the atx)ve-mentioned range, the pH of the water 
absorbent resin becomes neither alkaline nor acidic when water is absorbed, so that it is desirable in terms of safety for 
the skin. Further, a water absorbent resin having high absorbency can be obtained in the above-mentioned range. The 
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kind of the salt component of the acrylic acid salt is not particularly limited, but it is usually a salt of an alkali metal such 
as sodium or potassium. 

Also, a water absoibent resin further crossnnkad in the vidnity of the surface of the powder by a conventional 
method using a crosslinWng agent such as a polyglycidyl ether compound, a polyol compound, a polyamine compound 
5 a polyvalent metal conpound or the like can be preferably used in the present invention. 

The powder that contains fine particles of the water absoitent resin (A) (hereinafter referred to as the fine particles- 
containing resin powder) used in the present invention usually contains fine particles having a diameter of 150 um or 
less at not less than 30 % by mass, preferably not less than 50 % by mass, more preferably not less than 70 % by mass 
When the fine particlesK»maining resin powder contains fine particles having a diameter of 1 50 ^m or less at lees than 
10 30 % by mass, problems such as abrasion of a compression molding apparatus, increased pressure fluctuation during 
molding, or decreased yield of molded products may result 

The shape of the fine particles-containing resin powder is not particularly limited. Examples include powder lamel- 
lae, granules, sphere and the like, but powder Is preferable. Furthermore, the amount of water contained in the fine par- 
ticles-containing resin powder is not partteularly limited, but it is usually 0.1 to 10 % by mass, preferably 1 to 8 % bv 
IS mass. ' ' 

The fine partides-containing resin powder preferably has an absorbency under a pressure-free state of 40 g/g or 
rriore. and an absorbency under load of 20 g/g or more with respect to physiological saline solution. More preferably, 
the fine parbcles-containing resin powder has an abso*ency under a pressure-free state of 45 to 75 g/g and an absorb- 
ency under load of 22 to 55 g/jg. "Absorbency" herein refers to the maximum amount of weight (unit: g) of physiotoglcai 
20 saline solution thall g Of a water absorbent resin can absorb. 

The water absoibing agent of the present invention is produced In the presence of water. Although it is preferable 
to use water alone in view of safety in handling and cost performance, an aqueous liquid of a mixture of water and a 
hydrophilic organic solvent (for example, methanol, ethanol. ethylene glycol, glycerine or the like) also can be used as 
needed. When using such an aqueous liquid mixture, the content of the hydrophilic organic solvent is not more than 40 
2s %, preferably not more than 30 %. of the total mixture on a mass basis. 

The amount of water or the aqueous liquid mixture used is usually 2 to 80 %, preferably 3 to 60 %. more preferably 
5 to 50 % with respect to the fine partides-containing resin powder on a mass tasis. 

If the amount of water is too large, the fine partides-containing resin powder absoibs water to be swelled so that 
the powder may ladt the needed shaping property during compression molding, even if an increased pressure is 
applied. On the other hand, if the amount of water is too sman, the binding fbrce of the fine partides with each other 
becomes low, so that the binding effect of the compresskwi molding may be reduced. 

"In the presence of water" used in the present invention does not mean only adding water to the fine partides-con- 
tainmg resin powder, but also using fine partides-containing resin powder that already contains water 

In the present invention, a water soluble and/or water dispersive resin (B) can be contained in water in the com- 
pression molding process as needed, in order to improve the strength of the conpression mokled products 

Efther a natural high molecular compound or a synthetic high molecular conpound can be used as the water sdu- 
We resm of (^. Examples of a natural high molecular compound indude starches (sdubilized starch, a -starch or the 
hke), ceUubse denvatives (cartjoxymethyl cellulose, hydroxyethyl cellulose or the like), sodium alginate, guar gum xan- 
mane gum. gum arabic. locust bean gum. canageenan. mannan, gluten, chitosan and the like. Exanples of a synthetic 
high molecular compound indude polyvinyl alcohol, polyvinyl pyrrolidone. polyethylene oxide, polyethylene glycol, 
sodium pdyacrylate, polyvinyl ether compound, and the lika 

Examples of a water dispersive resin indude synthetic resin emulsions (for example, acrylic resin emulsion, pdy- 
olehn based resin emUston. pdyurethane resin emulsion and the like), natural or synthetk: wax emulsion, natural or 
synthetic rubber emulsion, and the Ilka «»«aui 
These examples of the water soluble and/or water dispersive reain (B) can be used either atone or In combinations 
of two or more. 

The water soluble and/or water di^jersive resin (B) is usually used at 0.01 to 20 %. preferably 0 1 to 10% with 
resped to the f me partides-containing resin powder on a mass basis. When used in this range, there is little reduction 
in the absorbency ot the resultant water absorbing agent, and therefore it is preferable. 

By "the water soluble and/or water dispersive resin (B) is contained in water at the compression molding" is herein 
understood not only dissolving the resin (B) in water in advance, but also having the resin (B) contained in advance in 
the fine partides-containing resin powder and then adding water thereto, so that the resin (B) can move into the water 
side and is partially dissolved and/or dispersed in the water. 

In the present invention, in order to enhance the strength of the compression molded products and to improve the 
shape retaining property of a swelled hydrogel, a crosslinWng agent (C) having two or more funrtion groups reactive 
with a functional group of the fine partides-containing resin powder (for example, a caiboxyl group) can be contained 
in water at the conpression moWing. 

Examples of the crosslinking agent (C) indude traditionally known polyglycidyl compound, polyamine. polylsocy- 
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anate. polyaziridine polyhydric alcohol, alkylene carbonate and the like. Such examples may be used either alone or in 
combinations of two or more as the crosslinking agent (C). Polyglycidyl compounds such as ethylene glycol diglycidyl 
ether, polyethylene glycol polyglycidyl ether, glycerol polyglycidyl ether, polyglycerol potyglyctdyl ether and the like are 
preferably used. The rate of the crosslinking agent (C) used is determined depending on the performance of the used 

5 water absorbent resin (A), but it is usually 0.003 to 5.0%, preferably 0.005 to 2%, more preferably 0.01 to 1 % with 
respect to the fine particles-containing resin powder on a mass basis. When using polyglyckiyi compound as the 
crosslinking agent, heat treating is preferably carried out at 60 to 1 60 ""C. more preferably at 1 00 to 1 SO^'C during or after 
the compression molding. When using polyhydric alcohol, alkylene carbonate or the like as the crosslinl^ng agent heat 
treating is preferably carried out at 160 to 230 ^C, more preferably at 180 to 220 ^^C during or after the compression 

10 molding in view of the higher reactivity. 

Examples of an industrial apparatus used for adding water to the fine partides-containing resin powder include 
mechanical blenders such as a conical blender, Nauta blender, double arm type kneader, V-shaped rotating mixer, flu- 
idlzed bed layer mixer, turbulizer, screw type inline blender, ribbon blender, mortar mixer and the lite. However, it is not 
limited to these examples as long as it is capable of mixing uniformly. When mixing fine particulate inorganic materials 

15 such as silica, alumina or titanium dioxide, with the fine particles-containing resin powder in advance and then adding 
water to the mixture, an undissolved powder lump does not form and water can be uniformly distributed throughout the 
fine particles-containing resin powder, and therefore rt is preferable. The above-mentioned inorganic materials are usu- 
ally added in an amount of 0 to 5 % by mass with respect to the fine particles-containing resin powder. 

Examples of methods for compression molding the fine partk:ies-containing resin powder in the presence of water 

20 in the present invention are described as follows: 

<3) After mixing the fine particles-containing resin powder and water, the n^xture is compression molded in a mold 
having a desired shape and size, 

<g) After mixing the fine particles-containing resin powder and water, the mixture is compression molded into a 
26 sheet, rod, or bkx:k shape, and then pulverized and adjusted to a desired particle size. 

(g) The fine particles-containing resin powder containing water is heated, so that corrpression molding can be car- 
ried out under a condition of evaporating the water present in the fine particles-containing resin powder. 

Examples of an industrial compression molding machine include a roll type compactor (Brkiuetting machine, roller 
30 compactor or the like), an extruder with perforate plate (disk pelleter or the like], a piston type compactor, a press type 
compactor and the like. However, it is not limited to these examples. 

The pressure at the compression molding may be changed as appropriate d^ending upon the type, size or prop- 
erties of the fine particles-containing resin powder, the amount of the water added, presence or at>sence of the (B) 
and/or (C), the amount of the (B) and/or (C). or the like. However, it is usually a face pressure of not less than 50 kg/cm^ 
35 or a linear pressure of not less than 25 kg/cm. Preferably, it is a face pressure of from 50 kg/cm^ to 1 0 ton/ cm^, or a 
linear pressure of from 25 kg/cm to 5 ton/cm. More preferably, it is a face pressure of from 1 00 kg/cm^ to 6 ton/ cm^ or 
a linear pressure of from 50 kg/cm to 3 ton/cm. 

If the face pressure is less than 50 kg/cm^ or the linear pressure is less than 25 kg/cm, the molded products will be 
lacking in a shaping property, and the resultant molded product be easily Ixoken on exertion of an external force. 
40 Furthermore, if the face pressure exceeds 10 ton/ cm^ or the linear pressure e^eeds 5 ton/cm, the shaping property 
and stability of shape retention against an external force of the mokled product can be further inproved. However, a 
larger apparatus is required and also the resultant mokled product may exhibit a reduced absorption speed. Therefore, 
the above specified range of a face pressure of from 50 kg/cm^ to 10 ton/cm^, or a Bnear pressure of from 25 kg/cm to 
5 ton/cm is preferabla 

46 The temperature at the compression mokfing is not particularly limited. Although the compression nfx>lding can be 
canied out at room temperature, it may be carried out while heated (for example, at from 30 to 200''C. preferably at from 
60 to 1 50"^) as needed. Particularly, if the compression mokfing is carried out while heated Ert 80**C or more, water nor- 
mally contained in the fine particles-contairung resin powder evaporates. Because the water functions as a binder, a 
step of adding water to the fine partides-conlaining resin powder is not necessarily required. When water containing 

60 crosslinking agent (C} is used, the temperature at the compression mokfing can be selected depending upon the reac- 
tivity of (C). 

The shape of the water absorbing agent otstained by the conrpresston mokfing is not partkAilariy limited, and exam- 
ples include powder, sphere, pea-shape, cube, polyhedron, flat plate, sheet rod, block or any other shape. 

The compression molded water at^oibing agent usually has a density of not less than 0.3 g/cm^, preferably 0.4 to 
55 1 .6 g/cm^, more preferably 0.5 to 1 .5 g/ cm^. When the density of the mokled water absort^ing agent is not less than 0.3 
g/cm^, even if an external force such as mechanical shock, frictional force or vibration during transportation is applied, 
it cannot be broken to reproduce fine particles, and therefore it is desirable. 

In order to acfiust the amount of water contained in the molded product, drying may be performed after the com- 
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^^'^^"^l " required depending upon the amount of the water present during the compression molding. K the 
amount of the vvater present dunng the compression molding is 2 to 9 % by mass, drying usually can be skipped. How- 
ever, rf the amount of the water present exceeds 9 % by mass, drying is preferably preformed 
«r Jr/nr^«^^J!!!ir " ^'^^^^ ^ P^ti^«s direcfly with a com- 

m!SS ^TT.^^lf^^'"^J l!?""^ P'^*^ ''"^'^ P'"^"^*" compression molding. If 

the latter method is used, a sheet having a thickness of 1 to 1 0 mm, preferably 2 to 8 mm. is usually used 

th« .^!^.t^^rri°"!lwT''!f^'''"*"*^' 'sdried as needed, is pulverized by a nomial method, if required, and 
l?eE?3 tL?^^^!^!,^ !if 5 ?r *'^:^P«rt"='« diameter of 200 to 1000 ^m. to produce the wat?abso*ing 
agent of the present invention. The water absorbing agent of the present invention preferably has an average particle 
diameter of 250 to 900 pm. more preferably 280 to 800 ^m. if the average partide diameter exceeds 1 000 ^m. the sur- 
^^^1^-. ^.""^^o^ ^ absorption speed is reduced. On the other hand, if Se average 

^T*' T " ^ preventing particles from flying or reducing the chance of inhaling 

^^^t ™ ^^T ^^'r"*""^' ^"'^ " undesirabia "An avemge particle diameter" Is usually dSer 

ceJtene^«?SSlj!l^,^L^r^ "1* '"t'^'" ^ "^^ percentage) and plotting the cumulative content per- 

?Si^S^ ^^^^ ^ ^ ^ ^^'^'^^ 

Particularly, when used in absorbent articles such as hygienic materials (for example, disposable diaper, sanitary 
'^T "S absorbent articles (for example, p^ sheets drip abs5^^g^S^ 

w anti-dewing sheets), the water absorbing agent of the present invention pref^iably has a particle size comprising 90 
% by mass, more preferably 95 % by mass, of partkdes having a diameter of 100 to 850 Ji ««P"«n9 90 

The thus obtained compression molded particle product can be used as a water absorbing agent itself, but it is also 
^ble to mix It wrth a normal water absorbent resin (A") which is not compression moWed (preferably comprising 90 
% or more by mass of paitdes having a diameter of 1 00 to 850 ^m) and use it as a water absS«ng agerTZ^ uSing 
such a mature, any rafo of the compression molded water absorbing agent and the normal water ateorbent resin (AT 
in the mixture can be chosen, but It is usually 10 to 90 %. preferably 20 to 80 % of the compressi^ m^di ^ter 
absorbing agent with respect to the total mixture on a mass basis. o aea waier 

The vieter absort>ing agent of the present Invention may be further surface crosslinked by a usual method. The sur- 
face crosslinking can be carried out during or after the compression molding 

i™ ^2 compression molding, silica. zeolHe. an antioxidant, a surfactant, var- 

°' K T.!"*'^ ^ri^" antibacterial agent, deodorant perfume, f ftHous materials (pulp, synthetic b^ 
or the like), or the like may be added as needed as an additive or an extender. h. y lunoere 

The water absort^ng agent of the present invention preferably has an absoibency under a pressure-free slate of 40 
g/g or "we. and an absoibency under load of 20 g/g or more with respect tc physiotoglcal saline solution. More prefer- 
^fto^Z^^^g^^''^ ^" absorbency under a pressure-free state of 45 to 70 g/g and an absorbency 

The present invention will be understood more readily with reference to the Ibllowing examples, however these 
m^T'S'trr!:?r?«T '^^"^^ir^^" and are not lo be construed to limit the sci^e of the SerS^rPurth^r 
mo-e^th regard o the water abeortDing agent of the present invention, absoiUency under a pressure-free slate 
absorbency "^ertoad abeorpbon speed, mechanical strength, and shape retaining property ol a swelled hydrogei 
w«^measured according to the methods as described below. Hereinafter. means Vby mass" unleJT o2«X 

^f^'^"^^h ^^'^K J'^- ' P'«^«* in a tea bag of 1 0 X 20 cm 

SJ^SfiSl^^i^J?^"^ ^ ^ in an excess amount of physiological saline solution (0.9% sodium 
chloride aqueous solubon) tor 30 minutes. Then the tea bag was hung vertically to drain solution off tor 1 5 minutes. The 
'^^r^ "'^'''^ ^ ^ '^^'^ ^ absorbency under a pressure-free sti 

i^-^'^^n^T*!^' V ?° ° ""^^ « P'^^" with a 250 mesh nyton 

Sm ?S ^^^^"iSlf ^® ^"^^ ^ ^ «P^ ""'fe^'y- A v^reight with an external 

~oT«?^ f p!f ^ ^ such that a toad of 20 g/om^ is applied. Then the cylinder was placed in the 

cl !S ^ITT"!^ containing 25 ml of physiological saline solution with the nylon fabric side as the 
S?2^S^S^unS?!SS '^^"^ '"^^ ^ 'measured and defined as 

ml 50 S ofphysiological saline solution and a magnetic stirrer piece were placed in a beaker of 100 

n 'i^^^'rlt^ ^ ^'^""9 «t ^"^ ti-^e *rom completion 

2,2^ -^"nlt'^S; T"!."P *° ^ ^^"^ ^'^^ vvith physiological saline 

sokrton and gelatinized so that the liquid surface becomes even was measured, and was defined as theabsorption 

Mechanical slrengtti: 100 g of a water absorbing agent, whose particie size distribulton was measured in advance, 
and 15 ceramic balls (diameter 18 mm) were placed in a ball mill having a capadty of 400 ml. Then the mechanical 
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strength of the water absoibing agent was tested by rotating the fc>all mill at 120 rpm for 10 minutes. After the test was 
completed, the particle size distribution was measured to determine the increased amount of fine particles having a 
diameter oflOO jim or less and evaluation was made according to the following basis. 

5 @: The amount of fine particles having a diameter of 100 ^ or less was increased by less than 3 %- 

O : The amount of fine particles having a diameter of 100 ^m or less was Increased by at least 3 % but less than 5 
%. 

a: The amount of fine particles having a diameter of 100 or less was increased by at least 5 % but less than 
10%. 

10 X: The amount of f ine particles having a diameter of 100 pm or less was increased by 10 % or more. 

Shape retaining property of a swelled hydrogel after absorption: Hydrogei that at>sorbed a 25 fold amount of phys- 
iological saline solution was prepared by the same method as the measurement of absorption speed. After being 
allowed to stand for one hour under sealing condition at 40 ""C, the swelled hydrog^ was picked up and leveled. A pres- 
IS sure was applied to the swelled hydrogel by pushing with the palm of a hand, and the result was evaluated according 
to the following basis of four grades. 

©: The swelled hydrogel has good dryness feelina and also retains its shape after absorption when pressure is 
applied. 

20 O • The swelled hydrogel has dryness feeling, but it partially deforms and produces fine particles when pressure is 
applied. 

a: The swelled hydrogel has less dryness feeling and partially becomes paste-like when pressure is applied. 
X: The swelled hydrogel mostly becomes paste-like when pressure is applied. 

25 Method of measuring an average particle diameter: Particle size distribution was measured by screening as fbl- 
lows: a sieve shaker (specified by JIS R6002), provided with JIS standard sieves specified by JIS RZ8801 of 20 mesh 
(mesh opening: 850 |im), 26 mesh (mesh opening: 600 \jum), 30 mesh (mesh opening: 500 jim), 50 mesh (mesh open- 
ing: 300 Jim), 60 mesh (mesh opening: 250 iim), 100 mesh (mesh opening: 1 50 pm) and 140 mesh (mesh opening: 1 06 
ixm) respectively and a saucer, was prepared. 50 g of a sample was placed on the 20 mesh sieve and the lid was put 

30 on, then shaken for 1 0 minutes, and the particle size distribution (expressed by mass percentage) was measured. Fur- 
ther, if required, standard sieves of 16 mesh (mesh opening: 1000 \an) and 14 mesh (mesh opening: 1 180 ^m) may be 
additionally provided to carry out the measurement. 

An average particle diameter was determined from the obtained particle size distribution as follows: the cumulative 
content percentage (by mass percentage) of particles passed through each sieve was plotted in relation to the mesh 

35 opening size of the sieve on a logarithmic normal probability paper. The micron number at which the cumulative content 
percentage became 50 % was determined in this graph and defined as the average particle diameter of the sample. 

Example 1 

40 A commercially available water absorbent resin ("SANWET lM-6320", product of Sanyo Chemical Industries, Ltd., 
surface crosslinked polyacrylic acid salt; water content 1.2 %) was sifted with a 100 mesh JIS standard sieve (mesh 
opening: 150 ixm) and the fine particles (a) passed tiirough tiie sieve were collected. 20 % of water was added to (a) 
and mixed togetiier with a small type turtajfizer (produced by HOSOKAWA Micron CORPORATION), and then com- 
pression molded into particles having a diameter of atxxit 1 mm with a Briquetting madiine under a f^ce pressure of 2 

4S ton/cm^ at room temperature. Then the particles were dried to a water content of 5 %, and a water absorbing agent (1 ) 
was obtained. The water absorbing agent (1) had an average particte diameter of 910 ^ni and density of 0.93 g/cnrf^. 
The results of measuring the performance of the water absorbing agent (1) are shown in Table 2. 

Example 2 

60 

20 % of water was added to tiie fine particles (a) with the same apparatus as the Example 1 , and then compression 
nK>lded into a sheet with a roller compactor (produced by Nakata SEISAKUSYO) under a linear pressure of 1 ton/cm at 
room temperature The compression molded product was dried to a water content of 5%. pulverized with a roller mill, 
and then tfie particle size was adjusted to obtain a water absorbing agent (2) having a particle size of 100 to 850 ^m. 
ss The water absorbing agent (2) had an average particle diameter of 440 nm and density of 0.92 g/cm^. The results of 
measuring the performance of the water absorbing agent (2) are shown in Table 2. 
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Water absorbing agents (3) to (6) were produced respectively by the same method as the Example 2 except that 
the amount of the added water and/or the linear pressure at the conipression molding were changed as shown in Table 
1 . The results of measuring the average particle diameter and the density of these water absortjing agents are shown 
in Table 1. 

The results of measuring the performance of the obtained water absorbing agents (3) to (6) are shown in Table 2. 
Example 7 

A water absorbing agent (7) was produced by the same method as the Example 2 except that 1 0 % sodium alginate 
aqueous solution was used in place of water in the same amount (2 % of sodium alginate with respect to the fine par- 
ticles (a)). ITie water absorbing agent (7) exhibited an average particle diameter of 460 ^ and a density of 0.90 g/cm^ 
■me results of measuring the performance of the water absorljing agent (7) are shovwi in Table 2. 

Example S 

A commercially available water absorbent resin fSANWET IM-5000D", product of Sanyo Chemical Industries. Ltd. 
crosslinked polyacryiic acid salt; water content 5.6 %) was sifted with a 100 mesh JIS standard sieve (mesh opening' 
1 50 ^im) and fine particles (b) passed through the sieve were collected. 0. 1 % of fine particulate hydrophflic sOica (" Aer- 
osil 200"); Product of NIPPON AEROSIL CO., LTD) was added to (b) and mixed with a small type turbulizer. and further 
20 % of water was added to the mixture and mixed together The mixture was compression molded into a sheet with a 
roller compactor under a linear pressure of 1 ton/cm at room temperature. The compression molded product was dried 
to a water content of 5 %, pulverized with a roller mill, and then the particle size was adjusted to obtain a water absorb- 
ing agent (8) having a particle size of 100 to 850 jim. The water absoibing agent (8) had an aveiage particle diameter 
of 430 ^m and daislty of 0.83 g/cm^. The results of measuring the peribrmance of the water absorbing aaent (B) are 
shown in Table 2, » » \ / 

Example 9 

The fine particles (b) obtained in the Example 8 were compression molded into a sheet with a roller compactor 
heated to 1 40 "C under a linear pressure of 3 ton/cm. Evaporation of vapor was observed during the conpression mold- 
ing. After the compression molded product (a water content of 1.4%) was pulverized with a roller mffl, the particle size 
was ac^usled to obtain a water absorbing agent (9) having a particle size of 1 00 to 850 ^m. The water absorbing agent 
(9) had an average particle diameter of 380 nm and density of 0.93 g/cm^. The results of measuring the performance 
of the water absorbing agent (9) are shown in Table 2. 

Ex^mplQ 10 

A water absorbing agent (1 0) was produced by the same method as the Example 8 except that 0.2 % by mass of 
ethylene glycol diglycidyi ether was used in place of water In the same amount (0.04% of ethylene glycol diglycidyl ^her 
with respect to the fine particles (B)). The water absorbing agent (10) had an average particle diameter of 420 |im and 
density of 0.84 g/cm . The results of measuring the performance of the water absorbing agent (10) are shown in T^ible 



Example 1 1 

40 g of the water absorbing agents (5) obtained in the Example 5 were mixed uniformly with 60 % of "SANWET IM- 
6320" in a V-shaped rotating mixer to obtain a water absorbing agent (1 1 ). The water absoibing agent (1 1 ) had an aver- 
age particle diameter of 390 jim and density of 0.77 g/cm^. The results of measuring the performance of (1 1) are shown 



Comparative Examples 1 and 2 

The fine particles (a) produced from the water absorbent resin used in the Example 1 ("SANWET IM-6320''' 
absorbency under a pressure-free state of 54 g/g. absort^ency under load of 31 g/g, absorption speed of 35 seconds) 
were used as the comparative water absortwng agent (1 % and the fine particles (b) produced from the water absortjent 
resin used in the Example 8 ("SANWET IM-5000D"; absorbency under a pressure-free state of 50 g/g, absoibency 
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under load of 3D g/g. absorption speed of 28 seconds) were used as the comparative water absorbir^ agent (2*). The 
results of measuring the perfornfiance of these fine particles are shown in Table 2. 



nomparative Exanrple 3 

A water absorbent resin "SANWET IM-S320" was sifted with a 50 mesh JiS standard sieve (mesh opening: 300 ^) 
and fine particles (c) passed through the aeve were collected. When the particle size distribution was measured, fine 
particles having a diameter of 150 jxm or less were contained at a rate of about 28 %. 20 % of water was added lo the 
fine particles (c) and mixed with a small type tuibulizer, and then compression molded Into particles having a diameter 
of about 1 mm with a briquetting machine under a face pressure of 2 ton/cnf at room tennperatura Then the particles 
were dried to a water content of 5 % and a comparative water absorbing agent (S*) was obtained. The comparative 
water absorbing agent (3") had an average particle diameter of 860 fim and density of 0.85 g/cm . The results of meas- 
uring the performance off the comparative water absorbing agent (3*) are shown in Table 2. 



Comparative Example 4 

A comparative water absorbing agent (4') was produced by the same method as the Example 1 except that the face 
pressure at the compression molding was 40 kg/ cm^. The comparative water absorbing agent (4') had an average par- 
ticle diameter of 880 ^ and density of 0.82 gfar?. The results of measuring the pertormance of the comparative water 
absolving agent (4*) are shown in Table 2. 



nnmparativQ Example 5 



Using the fine particles (a) obtained in the Example 1. an agglomerated product was produced according to the 
Example 12 in JP-A-62-132936. That is. 50 g of fine particles (a) were first placed in a 500 ml four neck round bottom 
flask provided with an agitator, a reflux condenser, a water separator, a dropping funnel and a nitrogen gas introducing 
tube Then 300 ml of normal heptane and 2.5 g of sorbitan monolaurate were added thereto, and then 45.5 g of water 
was slowly poured therein with a dropping funnel while stirring. After adding 0.68 g of fine particulate silica to th®^s- 
pension. water and normal heptane were removed from the suspension by distillation while stirnng. Then it was further 
dried and an agglomerated product was obtained. The particle size of the agglomerated product was adjusted to obtain 
a comparative water absorbing agent {5') having a particle size of 100 to 850 »xm. The comparative water absorbing 
agent (5') had an average particle diameter off 450 pm and density off 0.62 g/ar?. The results off measuring the perform- 
ance of the comparative water absorbing agent (5^ are shown in Table 2. 



[Table 1] 



Example 


Water Akssorbing 
Agent 


The Amount of 
Water Added (%) 


Linear pressure 
(ton/cm) 


Average Particle 
Digimeter {]»xr\) 


Density (g/cm^) 


3 


(3) 


10 


1 


420 


0.85 


4 


(4) 


40 


1 


480 


0.82 


5 


(5) 


20 


0.1 


430 


0.79 


6 


(6) 


20 


6 


520 


1.38 
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[Table 2] 





Absorbency 
undw a 
Pre«sura-frea 
Stala (q/g> 


Absorbency 
under Load 

(9/g) 


Absorption 

Speed 

(second) 


Mechanical 
Strength 


Shape Retaining 
Property of a 
Swelled Hydregel 




1 


52 


30 


19 


o 


o 




2 


54 


31 


15 


© 


o 




3 


54 


31 


16 


@ 


o 




4 


53 


30 


14 


@ 


© 


0) 


5 


54 


30 


11 


o 


o 


campl 


6 


52 


29 


17 


@ 


© 


LU 


7 


53 


30 


18 


@ 


© 




8 


50 


30 


12 


@ 


o 




9 


49 


29 


18 


@ 


o 




10 


47 


34 


9 


@ 


© 




11 


54 


31 


20 


© 


o 


pies 


1 


45 


19 


32 


. A 


Not 

evaluated 


itivG Exami 


2 


39 


16 


>60 ("1) 


O 


Not 
evaluated 


3 


52 


29 


26 


A 


O 


w 

<n 

Q. 

E 


4 


48 


23 


30 


X 


X 


o 
o 


5 


49 


28 


55 


A 


X 



(*1) Because of formation of undissolved powder lump, complete 



absorption did not occur. 



The water absorbing agent of the present invention, which is produced by the method of the present invention has 
the following characteristics and effects: 
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(D The water absorbing agent of the present invention has excellent absoibency under pressure-free state and 
under load ISks a conventional powdery or granular water absorbent resin. 

<g) The water absorbing agent of the present invention does not form undissolved powder lunrp when absorbing an 
aqueous fluid, so that it exhibits excellent absorption speed even though fine particles are used as a starting mate- 
5 rial. 

O The water absorbing agent of the present Invention has excellent mechanical strength compared to particle 
aggregate products prcposed in the prior art. and has a mechanical strength as strong as a conventtonal water 
absorbent resin. Therefore, it can be handled in the same manner as a conventional water absorbent resin, 
(g) Becaiae flying fine particles are few, the chance of inhalation of fine particles by an operator Is low. so that a 
to safer environment can be provided for an operator. 

(S^ By having a water soluble resin or a crosslinking agent present in water in a process of producing the water 
absorbing agent of the present invention, it is provided vinth a further improved shape retaining property when an 
externa! force Is applied to a ge! after absorption, so that fine particxilate hydrogel is not formed easily. Therefore, 
it can be more pref^ably used in hygienic materials such as a diaper. 

IS 

Thus, the water absort>ing agent of the present invention exhibits such effects as mentioned above, so that it can 
be most preferably used for hygienic materials (for exanrple, disposable diapers for infants or adults, sanitary napkin, 
incontinence pads, under pads for surgical operations, mother breast pads, parturition mats or the like). Furthermore, 
it can be preferably used in most utilities for which a conventional water absort>ent resin is used, such as sheet type 
20 absofbent articles (for example, pet sheets, freshness retaining sheets, drip absorbing sheets, anti-dewing sheets, 
sheets for rearing a young paddy rice plant, aging sheets for concrete, and the tike), water retainers for soil, chemical 
body warmers, cold insulator, ^udge solidification, gelling agents for various solutions or body fluids, artificial snow, or 
the like. 

25 Claims 

1 . A water absorbing agent having an average particle diameter of 200 to 1000 ]am, which is produced by compres- 
sion molding a powdery water absoibent resin (A) comprising not less than 30 % by mass of fine particles having 
a diameter of 1 50 ^ or less, under a face pressure of not less than 50 kg/cm^ or a linear pressure of not less than 

30 25 kg/cm in the presence of water, and drying and^or pulverizing as needed. 

2. The water absorbing agent as claimed in claim 1 , wherein the water absorbent resin (A) is an anionic water absorb- 
ent resin produced by polymerizing in an aqueous solution in the f^-esence of a crosslinking agent, using acrylic 
ackis and acrylic add salts of an alkali metal as main oonrponents of a morK)mer unit. 

35 

3. T^ie water absorbing agent as claimed in claim 1 or 2, wherein the ratio of the water is 3 to 60 % with respect to the 
water absorbent resin (A) on a mass basis. 

4. The water absorbing agent as dainned in any of claims 1 to 3 wherein the water used contains a water soluble 
40 and/or water dispersive resin (B), and the content of the (B) is 0.01 to 20 % by mass witii respect to tiie (A). 

5. The water absorbing agent as claimed in any of claims 1 to 4. wherein the water used contains a crosslinking agent 
(C) having two or more functional groups reactive with a functional group of the (A), and tiie ratio of tiie (C) is 0.003 
to 5.0 % by mass with respect to the (A). 

45 

6. The water absorbing agent as claimed in claim 5, wherein the crosslinking agent (C) is a poiyglycidyl oonpound. 

7. The water absorbing agent as claimed in any of claims 1 to 6. wherein the face pressure is from 100 kg/cm^ to 10 
ton/cm^ or the finear pressure is from 50 kg/cm to 5 ton/cm. 

50 

8. The water absorbing agent as claimed in any of claims 1 to 7, wherein the water absort)ing agent after the com- 
pressk>n molding has a density of 0.4 to 1 .5 g/cm^. 

9. The water afc^sorbing agent as claimed in any of dain^ 1 to 8, wherein the particle size is adjusted after the com- 
55 pression nx)ldlng so that the water absorbing agent comprises not less than 90 % by mass of particles having a 

diameter of 1 00 to 850 ^m. 

1 0. A water absoibing agent comprising a mixture of the water absorbing agent as claimed In any of claims 1 to 9, and 
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a powdery water absorbent resin (A") which is not compression molded and comprises not less than 90 % by mass 
of particles having a diameter of 100 to 850 ^m. 

1 1 . The water absoibing agent as claimed in claim 10, wherein the water absorbent resin (A") comprises 10 to 90 % by 
mass of the total mixture. 

12. A method of producing a water absorbing agent, which comprises mixing water with a powdery water absorbent 
resin (A) comprising not less than 30 % by mass of fine particles having a diameter of 150 pm or less, and com- 
pression molding the mixture under a face pressure of not less than 50 kg/cm^ or a finear pressure of not less than 
25 kg/bm. and then drying and for pulverizing as needed. 

13. The method of producing a water absort^ing agent as claimed in claim 12, wherein the water used contains a water 
soluble and/or water dispersive resin (B). and the content of the (B) Is 0.01 to 20 % by mass with respect to the (A). 

14. The method of producing a water absorbing agent as claimed in claim 12 or 13. wherein the water used contains a 
crosslinking agent (C) having two or more functional groups reactive to a caiboxyl group, and the ratio of the (C) is 
0.003 to 5.0 % by mass with respect to the (A). 

15. The method of producing a water absorbing agent as claimed in claim 12, wherein the water absorbent resin (A) is 
mixed with at least one inorganic fine particles (D) selected from silica, alumina and titanium dioxide before mixing 
with water. 

16. A method of producing a water absorbing agent, which comprises pulverizing the water absorbing agent as pro- 
duced according to any of claims 12 to 14 and adjusting the particle size so as to comprise not less than 90 % by 
mass of particles having a diameter of 1 00 to 850 i^. 

1 7. The method of produdng a water absorbing agent as claimed in claim 1 5, which comprises further mixing the water 
absorbing agent with a powdery water absorbent resin powder (AX which is not compression molded and com- 
prises not less than ^ % by mass of particles having a diameter of 100 to 850 ^m. 

18. The method of producing a water absorbing agent as claimed in claim 1 7, wherein the content of (Al in the mixture 
is 10 to 90% by mass of the total mixture. 
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